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ABSTRACT Zr

The day radiance of the atmosphere has been
measured, photoelectrically, at two middle
ultraviolet wavelengths by rocket-borne photo-
meters. Filters and collimators provided an
effective field of view of 1.4 x 1072 steradians,
and bandpasses of approximately 100A at 2600A
and 230A at 2200A., At a height of 146 km, nadir
radiance values of about 0.5 ergs/sec cm2 ster
100A were obtained at both wavelengths., There
is good agreement between the radiance values
measured and those which have been calculated on
the basis of single Rayleigh scattering in the
presence of ozone. From the radiance data an
atmospheric diffuse reflectivity of about 8 x 10~%
at 2600A has been calculated. This may be
contrasted with 1957 rocket observations of Mars
and Jupiter which yielded albedos at 2700A of
0.24 and 0.26 respectively.
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I. INTRODICTION

If the ~arth's sunlit side is viewed from space it exhibits
a bright appearance in the visible portion of the speatrum. In
contrast, the appearance of the sunlit earth in the ultraviolet
wavelength region below about 3100A may be expected to be rather
dim and relatively uniform. In the visible region the upward
flux out of the atmosphere is made up of Rayleigh scattered
sunlight, sunlight reflected directly from clouds or from the
earth's surface, light scattered from atmospheric dust, and a
relatively small amount of resonant and fluorescent scattered
sunlight or day airglow. In the middle ultraviolet region
from 2100 - 3000A, however, because of tha totally absorbing
ozone region located from approximately 10 to 40 km, the day
radiance will be produced only by Rayleigh scattering of
sunlight in the thin upper atmosphere above the ozone region
and by fluorescent scattered sunlight or ultraviolet dayglow.
The combination of a thin atmosphere and strong ozone absorption
produces a correspondingly low albedo. The absence of contributions
from reflections by clouds and surface features and the strong '
wavelength dependence of Rayleigh scattering will produce a
relatively uniform appearance.

The spherical albedo of a planet is the ratio of the
total flux emitted in all directions by the planet to the total
flux incident on the planet from the sun. Both quantities are
being measured over the same wavelength interval. The earth's
visual, spherical albedo has been experimentally determined,
by studies of earth light on the moon, to range from 0.29 -
0.56 depending on the season and on which side of the earth
is facing the moon, The average value of these visual albedos
is given as 0,39 -~ 0,40 (Danjon, 1954; Dzhasybekova, Kazachevskii,
and Kharitonov, 1860). The major part of the earth's visual
albedo comes from contributions by reflection from clouds. If
atmospheric scattering is considered separately, assuming no
clouds, calculations (Kano, 1958) show the spectral albedos due
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to avleish seatterinz to be: Infrarcd repion - J0U75; visille
socton - G.C22; and near ultruviolet wcziion - 0.23.  The

wolrted swe of these variows onectrni cliledes for a Dayleigh
7

A

stocoshers is given oo 0.C66 by Kano (10C0) Zor the ontive
“seatral wvegicon A>226GL, and has been indopendently calculated
oy Couvlocon (1852) to Le 0.688. The contribution in thec
coootral pegions from cirglow is nelif ible cueent over narrew
varzlengta iatervals noar tho rore wrc..cunced dayglow cizission
iioo. ke usco and difficulties of wnyslow moasuremenis have
Lo Swaarizmed reeently by Chanberiaian (1CE3).
“he caleculations vwilch hove bocen mzée for scattered solar
gor ultravicict kove included multiple
av.tterinss, czone Qistributionz, znd vouvard and downword
<iluwros (Sekera and Dave, 18C1a; and Laroon, 1GES),

In the niddle ultravioclet wregicn coicuiavions have zzsunmed
single Dayleigh scattering with ozonc absorption (Ban, 122
Tubbard, 1963; Crecon, 1804; oo Irzoiy and liclee, 1804).
Luitiple scattering or flvorcscence 2oz not been includced., Toe
iddle ultraviolet day radiance must crizinate in scattering
oove the cmone region., Thio iusures o relatively small fiux
L.1s@ even thae hizgh altitude cuzone anitrilbwation 1s strongly
Jeecrhing in this spoctral resion.  Lalizarno (1882, 1863) and

Cl.oooerlain and Schouti (1233) nave derived equations to show

.z effect of nom-ilayleigh rosocnant and fluorescent scattering
t and o 3CU reccurance lincs, and point out that
£ in the ultraviolet whercec small

At 1155 ZU2 (1885 UD) on 8 August 1262 two uildle ultra-
violet photomotcrs were Zncluded in an Acrobee rocist
(ITASA 4.60) launched Zirca ¥Wallops Island, Virginia. Ileasure-
ments of the ultraviolet day radiance were talien continuously
.3 the rocket climbed to a peak altitude of 1850 km., Each
chotometoer comsisted of a mechanical collimator, a filter, ana
e

a photomultiplier scnsitive only to uvitzoviolet radiation., Tuc
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collimator produced an effective field of 1.4 x 10'2 ster
(about a 7 degree square ficld). The filters were of the

type described by Childs (16G61). The phototubes were type
EHR 541F-05 photonultipliers with sapphire windows and cesium-
tellurium cathodes (Dunkelman, Yowler, and Iennes, 1962).

The zelative spoectral response of these photometers is
given in Figure 1 on an equal energy basis (anps/watt). Also
included in TFigure 1 is the solar spectrum, averaged over 10A
intervals, taken from data reported by Wilsomn, et al.,, (1954)
and lalitson, et al., (12C0). The effcctive wavelengths of
the photometers were at 2217A and 28104 with effective bandwidths
of 230A and 100A respectively. Tho contribution from the long
wavelength region beyond 28002 iias been examined and found to
be nuch less than the magnitudes of the radiance measurckents
made,

During the flight the rocket pitched through a wide
range of zenith angles. Its motion, howvever, was confiunced by
an attitude control system to a single plane having an azinuth
of 175° passing through the zZenith and the sun, The sun was
at a zenith angle oi 22°, The photowoters, walch were pointed
out the side of the rocket approximately in the pitch plane
and at an angle of 122° with the rocket axis, swept from the
nodix up to a zenith angle of about £80° in both the north and
soutl: sky at various times.

III. RESULTS

The data are shown in Figure 2 which give (curve a) the
zenith angle of the photometers as a function of both flight
tims and altitude. The aspect data was obtained from solar
sensing aspect cells, magnetometers, and the attitude control
system error signals and pitch-rate signals. During the flight
the rocket's attitude control system malfunctioned to the cxtent
that, although controlled in two axis, the vehicle pitched
thirough much larger angles t:an those for which the aspect
instruments haod btcen designe . Pltch rate signals woere integrated
to find approximate zenith a:jles outside of the region oF
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aspect sensor operation. These calculations could be checked
by fitting with the aspect signals as the rocket perilodically
moved back thru the sensor region. The photometer data,
reduced from the original telemetry record at one second
intervals, are shown in curves (b) aund (c¢). Relative intensity
is plotted, with the data normalized to unity for nadir (180°)
values., The scattexr in the relative intensity values is
produced by photometer noise introduced because the signal
level was near the bottom of & three-decade logarithmic scale,
The photometer sensitivity in this exploratory measurement had
been set low to avoid the possibility of saturation due to
either unexpectedly large reflectivities or unusually intense
dayglow or auroral emissions. Lines have been added to clarify
the peaks beyond 260 seconds.

' In Figure 3 the data are reoplotted as a function of
zenith angle. Data are shown oaly for 10 degree intervals of
zZenigh angle. Part of the spread in the points 1s due to
photometer noise, part is due to combining data taken at the
same zenith angles but from differemnt altiitudes.

The values of day radiance measurcd during this flight are
noicble for the lack of features seen over a large rangc of
zonith angles. Even the hoi .zon brightening is only a Ifactor
of two times the nadir radiz:ce. The photometer field of
1.4 x 1072 steradians would, of course, diminish the effect
of any increased radiance that extended over only a relatively
narrow field.

The peaks at about 272 seconds in Figure 2 represent
direct sunlight reflected off the photometer entrance. The
photometer was pointed up in the southern sky at that point
at a =enith angle of about 70 degrees. The magnitude of the
reflected solar signal under those conditions was determined
by laboratory measurements to be about 10~2 that of direct
sunlight. Note that this scattered light signal is still
izrgor than the earth radiance signal. The problem of making
measurements in the presence of direct sunlight is emphasized
by this result,
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The magnitude of the radiances detected by the photometers
is expressed in Table I. The nominal effective wavelength
and the effective bandwidth are given. The third column gives
the earth's radiance, at the nadir, with the sun at 22° zenith
angle, assuming a uniform and equal distribution across the
wavelength region described by the effective bandwidth. The
cquivalent photon emission rate in kilo-rayleighs per 1004 is
also given. The day radiance values determined by these
neasurcenents have uncertainties of about 10 - 15% arising from
noise in the photometer signal and uncertainties in ultraviolet
radiometric standards.

The last colunn gives the diffuse spectral reflectivity
of the earth's sunlit atmosphere averaged over each of the
wavelength intervals, This number is arrived at by assuuing
the scattered sunlight has the same spectral distribution
as the incident sunlight throughout each bandwidth (see Figure
1). The values of solar irradiance are taken from the sources
cited. The uncertainties in the calculated reflectivities
arc greator than those for our observed radlance values by the
amount of uncertainty in published absolute spectral solar
intensities. If we make the further assumption that the entire

earth is a diffuse Lambert reflector, then the diffuse reflectivity

of about 8 x ZI.O"'4 at 2G600A becones thefearth's spherical albedo.

This number can be contrasted with the earth's total observable
sphorical albedo of 0.39 - 0.40, and with the calculated
Rayleigh scattered albedo contribution in'the near ultraviolet
of 0.23 as given in the introduction.

Of interest also is a comparison of the earth's low middle
ultraviolet effective albedo with measurements of the relatively
high offective albedos of Hars and Jupiter made in 1957 with
a photometer of about 300A bancwidth centered at 2700A (Boggess
and Dunkelman, 1959). They obtained values of about 0.24 for
lars and 0.26 for Jupiter.
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One other known exporirental observation has been nmade
of the middle ultraviolet day radiance. Friedman, Rawcliffe,
and lMoloy (1963) have reported a satellite borne photometer
measuremént of the day radiance with a gpectral pass band of
140A centered at 2550A. Their result, with the sun at a zenith
angle of 49° and the detector pointed at the nadir with a field
of 1.2 x 107 -4 steradian, showed an atmospheric radiance of
2.0 * 0,3 ergs/sac cm® ster 1004,
Table II gives the various measured and calculated
middle ultraviolet day radiance valuecs. The calculated values
tend to support our results rather well., It should be borne
in mind that the data were all taken or calculated using
different paramefers of altitude, solar zenith angle, ozone
distribution, season, etc. so that the results cannot be
compared toco directly. The rclatively large factor of four
between the experimental results of Friedman, Rawcliffe and
Heloy and ourselves is possibly explained by either a large ’fff
change in the high altitude ozone distribution between the |
time of the two measurements or the difficulties in maintaining‘
calibration during the preparations for and launching of a f
satellite. The similarity of the various calculations and ~§;_
our measurcuments indlcate that the simple approach to ultraviolét
atmospheric radiance calculations, involving use of ozone \
distributions and single scattering with plane atmospheres %
(Ban, 1962; Hubbard, 1963; and Green, 1264) or spherical \y
atmospheres (Hrasky and McKee, 1964) is adequate for broadband ,\i_
measurenents. If higher spectral resolution were to be considered N
the agreemenu might be strongly affected by resonant or fluorescent “.x
scattering, : _:>”
The calculated results :opend very strongly on ozone
distribution, especially in the region around the peak of the
ozono absorption curve at 2600A where the very high altitude
ozone has a dominant role. The ozone distribution at higher
altitudes is relatively unknown, however, so that apprcciable
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uncertainties may be introduced into the calculated values. At
the shorter wavelength region around 2200A and at longer
wavceclengths beyond 28004 the ozone is ruch less absorbing and
incident solar radiation will penetrate more deeply into the
atmosphere, thus permitting more scattering and producing
higher albedos. By use of satcllite-borne photometers with
narrow spectral bandpasses, well removed from strong dayglow
emission lines, and situated at various middle ultraviolet
wavelengths from 2100 and 30004, a profile of high altitude
ozone distribution should be obtainable. Such an idea was
proposed in 1957 by Singer and Wentworth (1857), who considered
only wavelengths at 2300 and 3000A. Twomey (19861) carricd out
further calculations in this same wavelength region. The
calculations in the near ultraviolet above 3C00A have becen
considered in detail by Sekera and Dave (1961b). The altitudes
above 50 Ikm would require, however, use of wavelengths below
2200A vhere analysis should be much easier. The seasonal and
latitudinal variations in upper atmosphere ozone, so important
to atmospheric heating processes, would thus be available,

et e

Ve wish to express our appireciation to William Russell,
Jr. of this Center who graciously provided support and the
gspace for this experiment in one of the rockets underx his
supervision.
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Figure 1.

Figure

2.

Figi e Captions

Photometer rezsponse curves. Relative response of both

photometers

is shown on an equal energy basis. The

solar spectrum, =zveraged over 1l0A intervals, is

also shown.
1860). The

(WVilson, et al,, 1954; Malitson, et al.,
2200A photometer response is provided by

a combination of an interference filter and 4 mn
NiSO4(H20)6 crystal. The 2600A photometer combines

an interference filter, Corning 7-54, 4 mm NiSO4(HZO)6,-
Cation-X, and 2 mnn Pb doped KCl:KBr crystal

(Chilgs, 192G1).

Rocket flight data. Curve (a) is the zenith angle

of the photometer direction as a function of time.

~Curves (b) and (c) are a szmpling of the recuced

telemetry data plotted in tcrms of the relative

intensity received by the photometer. The points

show scatter produced by photometer noise and a

small amount of structure z2s a function of zenith

angle. The pealis after ZL0 seconds correspond to

the horizon
273 seconds,

limb brightening. The large peak at
which is extraneous, is produced by

sunlight reflected off the photometer entrance with

the photoreters polnted above the horizon in the

south, VWith

out this sunlight effect the record would

appeay as it doecs 2t 310 - 320 seconds with the

vhotometers
Ultraviolet
1 The

w

noin
ngle,
sanpling of
The crosses

than 120 Ikm.

pointed above the horizon in the north.
ay radiance ag a function of zenith

‘Q‘ [N

ata in Figure 2 are replotted here as a
telenetry data taken at 10 degree intervals.
indicate data taken at altitudes 1less
Circles indicate data taken at altitudes

above 120 km. Solid circles are single points, opea

circles repr

esent several data points (2-5) occupying

the same position. The limb brightening is evideat.




as is the fairly sharp drop at zenith angles less
than about 50° as the photometer points up above
the atmospheric horizon.
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